Abstract.
Introduction
Forests play a vital role in sustaining the life supporting systems of a country's environment and the quality of life of its people. From time immemorial, the aboriginal people were the original forest inhabitant whose livelihoods were based on hunting and gathering for the supply of food, fodder, fuel-wood and even cosmetics (wild gems) from the woods (Ghosal, 2011 ). Tagore (1915 pointed out that "in India it was in the forests that our civilization had its birth". Vedic literature also indicates that forests were held in high esteem and 'ashrams' (hermitages) of the sages existed in these forests. Thus forests always helped to create an integrated and harmonious coexistence of man and nature through their various social and cultural uses. Even in our present times, as noted in the State of Environment Report (2009), nearly 0.7 billion rural population of India out of the total population of 1.21 billion directly depend on climate-sensitive sectors like agriculture, forests, fisheries and other natural resources such as water, biodiversity, mangroves, coastal zones, grasslands, etc. for their subsistence and livelihood. The share of forest dwellers alone exceeds 100 million and 54 percent of them belong to the tribal communities (Sankaran et al., 2002) . Their living and livelihood are so intricately woven with the forest and its product variety through customs and culture that they act as a niche for the tribal communities, who are not only extracting forest resources but are also trying to maintain its ecological balance through different rituals and practices at the same time (De, 2012) . The destruction of forests through land acquisition and conversion becomes a serious concern only when the influx of outsiders raises the speed of deforestation beyond the carrying capacity of the system. A number of studies have also observed greater extraction tendency of the forest resources from relatively well-off people and the settlers compared to the poorer and native ones (Pandey, 2010) . So poverty alone cannot be blamed for forest degradation; it is a combination of ignorance, greed, power and wealth that results in deforestation, especially in developing countries. The aborigines and adivasis are essentially a part of the forest ecosystem and promotion of economic development at the cost of forest degradation raises the vulnerability of their daily livelihood (Padel and Das, 2010) . However, it cannot be denied that certain demographic, cultural and environmental changes may alter the configuration of institutions and values that characterize traditional resource-dependent communities and in turn decrease their willingness for forest conservation (Robson and Nayak, 2010) . So, sustainable forest management attempts to establish a balance between the global eco-system and the directly forest-dependent community at the local level; this should ensure not only the protection of forest canopy cover but its richness in terms of biodiversity should also be protected to guarantee essential livelihood support, which deserves equal attention, if not more. So, now there is a need to understand the economic and social issues related to forestry at the grass-root level faced by the forest dependent community at the micro level by observing the impact of Joint Forest Management (JFM), the present forest management approach on local livelihoods. Thus, in this paper we are interested in exploring issues related to (a) the relationship of the nature of forest biodiversity with the pattern of forest dependent livelihood, given control for different socio-economic characteristics of the users and (b) the intergenerational flow of traditional knowledge about forest resource and its impact on the observed pattern of forest dependence. Since all these issues deserve in-depth investigation, a micro-level study is appropriate here as it creates the opportunity to look at the micro-level interactions among individuals. And to collect fair and detail information from local people (especially if they are indigenous) through such interactions, the interviewer must be an insider in terms of ethnicity, community or locality. Also the possibility of interview at grass-root level is easy if it is conducted in vernacular. So this paper is basically the interpretation of a primary survey conducted with individual stakeholders in the Birbhum Forest Division of West Bengal (WB), India. Given this background the rest of the paper will be organized as follows: section 2 will describe the features of our field area, section 3 will talk about the survey design and questionnaire and section 4 will present the household level analysis. Finally, section 5 will conclude the paper by extending an overall discussion.
Birbhum Forest Division
To document the pattern of livelihood dependence in afforested land, a field survey was conducted during September-November, 2012 in the district of Birbhum, West Bengal. This part of the state is bounded on the North by the Santhal Parganas of the state of Jharkhand and in the West and South by the districts of Murshidabad and Burdwan of West Bengal. It is separated from Burdwan by the Ajoy River (Figure 1 ) (Debnath & Mondal, 2014) . This district is notable for its undulating topography and its cultural heritage which is unique and is somewhat different from that of the other districts of the state. In fact, in the native language of the region the meaning of the term 'bir' is forest, so, Birbhum is basically a land of forest. Though at present the district is predominantly agricultural, 3.51% of total land area is reckoned as forest land (Human Development Report, 2009) . Forestry is one of the main industries in this district.
Among 425 Small and Micro Enterprises and Artisan units present over here, 145 depend on forest products like timber and wood pulp. There are 13 wood and wood based furniture units and 132 paper and paper product units existing in this district (Directorate of M & SSE, 2013) .
From the administrative perspective of the Department of Forestry, Government of West Bengal, this district is divided into 7 ranges (Bolpur, Md. Bazar, Rajnagar, Rampurhat, Sainthia, Dubrajpur and Suri) containing 19 beat offices. Among them, 6 beats under 5 ranges (Map 1) were randomly selected for the present study to cover 10 locales with the presence of active Forest Protection Committees (FPCs), keeping in mind the variations in topographical properties, cultural heritage as well as nature of forest biodiversity (Table 1) . Ranges with limited forest cover were excluded from the sample. under most of the sampled FPCs. The study region was classified into three zones on the basis of forest types (nature of forest biodiversity). This is because forest uses are governed by available tree species and the more the variations among tree/animal species, the more the dependence should be. From recent literatures like Rojas (2012) and McDermott (2012) it has also become evident that dominance of traditional species increase forest biodiversity while monoculture plantation of non-native eucalyptus or acacia species decreases the chance of existence of other species. It is also found in our study that though the alien species are an efficient means for quick afforestation and for rapid production of natural and renewable fiber for a growing industrialized economy, they are associated with demolition of ecosystem health and biodiversity and loss of the traditional forest dependent practices of local communities. Accordingly, all the FPCs are divided into three zones: FPCs under natural forest type, those under mixed type of forest and the rest under monoculture plantation forest type as shown in Table 1 . 
Household Level Analysis

Salient Features of the Sample
Nearly 63 
Livelihood Dependence on Forest
The views of the local villagers (both FPC members and non-members) regarding forest dependence and present management practices were widely divergent, depending upon their culture, educational status, occupational pattern, etc. It is noticed that though nearly 90 percent of the sampled households depend on forest for their daily needs (Table 3 ), figure 2 shows that out of this nearly 50 percent uses only fuel-wood, 11 percent uses only non-fuel wood related products and only 29 percent uses both. Using the information collected on the nature of day-to-day dependence on forest bio-diversity, an estimation of average dependence is also obtained in terms of the types of dependence (Table   4 ). Six broad types of dependence are identified as (a) using for fuel woods, (b) making of Sal plates, (c) consumption of vegetables and other food items, (d) consumption of fruits, (e) using for medicinal plants and (f) other usages including collection of materials useful for household chores, using forest as grazing land, etc. From the survey responses it is found that nearly 78 percent households are relying on forest as a source of fuel wood, but less than 4 percent depends on forest for collection of medicinal plants. The households depending on forest for at most one factor is identified as low-dependent ones and those with dependence on at least 5 types or more are marked as highly dependent. Those in-between are moderately dependent. It is apparent from Due to a long period of deforested state followed by monoculture plantation of alien species, forest resources have turned out to be unsuitable and inadequate to guarantee sustainable livelihood. So, the once forest-dependent villagers in these areas have been forced to reduce the extent of forest dependence in their day to day living. Branches of Sal trees, which are auspicious augury for tribal marriages and cremation ceremony, are nowadays available in markets to meet such demand. Local people have even failed to recall the names of the extinct species as they have been lost long. Thus the prolonged deforestation followed by monoculture plantation has acted as push factor from inside the system which has increased the dependence of local people on external economy. To isolate the marginal effect of these socio-economic factors on livelihood dependence across different types of forestry, a livelihood dependency index has been constructed and its relation with certain socio-economic factors is obtained by running simple least square regression analyses. The construction of forest dependence index (dependent variable) and its related independent variables is briefly described below. The independent variables, Xs, are defined to represent certain socio-economic factors related to family, society and the economy:
5 The minimum value of FDI is 0 and the maximum value is 60. The average value is 24.66 and the standard deviation is 19.31. 6 FDI has also been constructed using Principal Component Analysis (PCA) where unequal weights are endogenously determined for the same set of responses. The scatter plot suggested almost a near perfect correlation between the Y-variables constructed by following these two alternative methods. Since PCA did not suggest any significant improvement, we have taken the simple average based index of FDI as our dependent variable.
Family Factor:
• SIZE: Size of the family, which is expected to have a positive association with FDI;
Social factors:
• TRIBE: a dummy variable is defined to assume value 1 if ST and 0 otherwise, which is expected to have a positive influence with FDI;
• MEMBER: a dummy is defined to assume value 1 for the households containing at least one FPC member and 0 otherwise and the variable is expected to have positive influence on FDI;
Economic factors:
• BPL: a dummy is defined to assume value 1 if the household holds BPL card and 0 otherwise. The expected sign of influence is positive;
• ASSET: an index of households assets is constructed by collating information on various types of assets like van, cycle, bike, radio, fan, television, etc. owned by it and the expected influence of this variable on FDI is negative;
• LVSTCK: an index of household's livestock holding is constructed by collating information on different types of livestock like buffalo, cow, goat, pig, poultry animal, etc. owned by it and the expected influence of this variable on FDI is negative;
• OCCUP: a dummy is defined to assume value 1 for agriculture and forestry related occupations and 0 otherwise with an expected positive sign;
Since the original forest dwellers were not much interested in the employment opportunities created outside the forest niche, the extent of forest dependence is likely to have a negative correspondence with the extent of participation in the Mahatma Gandhi National Rural Employment Guarantee Scheme (NREGA).
• NREGA: Here for each household the three year's average annual job-day data have been collated from the official website 7 .
The study variable FDI has been regressed on all these independent variables to isolate marginal influence of all factors and to study the possible variations of these causal relations across • DMIXD: a dummy is defined to assume value 1 for mixed forest and 0 otherwise;
• DMONO: a dummy is defined to assume value 1 for monoculture forest and 0 otherwise;
The regression results are reported in Table 6 . From Table 6 it is seen that initially, when no distinction is made in terms of the forest-type, TRIBE and NREGA appear to be the only two significant influences on FDI, the former with expected sign and the latter with an opposite sign.
So, in regression 2 the two forest-type dummies are incorporated and interestingly both of them became statistically significant with predicted sign and lesser is the biodiversity component weaker is the extent of forest dependence. However, besides these two dummy variables no other explanatory factor was statistically significant, though the adjusted R 2 increased substantially, from 0.16 to 0.41, indicating the possible presence of multi-collinearity in the dataset. So, three separate regressions were run on three different types of forestlands and reported as regression 3
(for natural forest), regression 4 (for mixed forest) and regression 5 (for monoculture plantation forest). areas, forest development has become a parallel agenda of general development and forest resources are getting treated at par with any other economic resource. This tendency is of deep concern to us as livelihood support is an in-situ experience whereas economic resource is an exsitu entity that can always be separated from the whole system, transformed into monetized units and transacted in the market. If forest resources are perceived as economic resources and forest development is treated as any other development agenda, then the marketable part of forest resource would enjoy priority and protection of biodiversity would be of very little importance.
In fact, to be effective support of livelihood the conservation of biodiversity is necessary but not sufficient. For it to be useful the traditional knowledge about the use of this diverse resource needs to be transmitted across generations. An attempt has been made to construct an index of retention of this traditional knowledge that is going to be reported in the following sub-section.
Flow of Traditional Knowledge
Traditional Knowledge (TK) can be defined as "the knowledge base acquired by indigenous and local people over hundreds of years through direct experience and contact with the environment." It is the product of keen observation, patience, experimentation, and long-term relationships with plants and animals (http://npdc.usda.gov). Its importance for the protection of biodiversity and the achievement of sustainable development is slowly being recognized internationally and the Convention on Biological Diversity of 1992 has acknowledged these contributions of traditional knowledge and therefore included laws pertaining to its access and use (Mazzocchi, 2006) . If all the answers are in the affirmative then the traditional knowledge is considered to be conserved and conservation is thought to be inadequate when at least one answer is negative, indicating break in the chain of intergenerational knowledge transmission.
TKNWI: a dummy variable is defined to assume a value 1 for knowledge conservation and 0 otherwise. This is our dependent variable and, since it is binary by construction we may identify different independent variables which are likely to influence the probability of TKNWI conservation, i.e.,
[ ]
and a LOGIT regression can be run to find out the corresponding odd-ratios and marginal effects 8 .
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The odd-ratio with respect to the explanatory variable Finally, a LOGIT regression is run and the marginal effects (evaluated at mean) are reported in Table 7 . To give control to the nature of biodiversity, the two forest-type dummies defined earlier, viz., DMIXD and DMONO have been incorporated. 
Source: Authors' Calculations
When all responses are considered together and the forest-type dummies are incorporated, the marginal effect of only two factors, AWRI and JFM, appear to be statistically significant. This indicates that the success of the joint forest management program generates interest among the local people to conserve the traditional knowledge about uses and abuses of biodiversity. For deeper investigation we have run the same regression separately on three different types of forest areas. The results turn out to be quite interesting.
Nowhere PFDI, i.e., the livelihood dependence on forest plays any statistically significant role in conserving traditional knowledge. Effectively, TKNWI and PFDI behave like two disjoint factors. In case of natural forest the only important variable having significant marginal effect is RITUL. For mixed forestry no definite relationship has been suggested by our field observations and the strongest results are obtained for monoculture plantation where the success of JFM and general awareness about forest land use pattern appeared to be the most important. This shows that the overall pattern is also dominated by the monoculture forests and what adds to this discomfort is the fact that all respondents from this area admitted that they spent the proceeds of timber sale obtained as FPC-members in personal consumption and not to promote any community purpose. So, the incentive scheme adopted by the JFM is merely an economic incentive that reduces forest resource into an ordinary economic resource, which places a high weight on use the value of a product or service and generally fails to assess the existence value in a non-market frame.
To explore this issue further, we have made a distinction between complete transmission vis-à- then there is perfect knowledge transmission, and the value of TTK is 4 (excellent). In between there are two possibilities: (a) answer to the first two queries is affirmative and that of the last one is negative and (b) answer to the first one is negative but that of the following two are positive. In the former case the knowledge is flowing from the past to the present generation and in the latter case it is passing from the present to the future generation. In terms of traditional knowledge conservation the first case is more potent as here the future generation may gain motivation at a future date in acquiring traditional knowledge and may make the transmission process complete whereas the second case does not have any chance to lead to complete knowledge transmission even at any future date. So, a score of 3 is assigned to the first case (good) and that of 2 (moderate) is assigned to the other one where the traditional knowledge is acquired from any formal exogenous source and not necessarily from within the community.
Thus, TTK is an ordered categorical variable on which an ordered LOGIT can be applied to understand the prospect and probability of TK conservation across different types of forestlands.
In ordered LOGIT, an underlying score is estimated as a linear function of the independent variables and a set of cut-points (threshold parameters). The probability of observing outcome i corresponds to the probability that the estimated linear function, plus random error, is within the range of the cut-points estimated for the outcome and is specified as:
), ..... To be consistent with the latent variable interpretation of this discrete ordering, α 0 is taken as -∞ and α k is taken as +∞. Since we have 4 possible outcomes, there will be 3 cut-points 9 .
Summation of P i 's would be unity for all j's. Our prediction of y is simply the outcome with the highest probability (Woolridge 2002). The threshold levels reported in Table-8 Thus, it is expected that the newly afforested areas would be 31 percent weaker than natural forest in conserving traditional knowledge. 
Discussion
An important implication of this study is the presence of cultural migration, which is pulling the forest dwelling tribal people out of their natural habitat and community living and forcing them to be a part of the outside monetized economy governed by the market incentives. The tribals now take money as the only compensation to do any work instead of once practiced barter system. Getting formal education from mainstream institutions, they have started socializing outside their own communities and mould themselves for a better career in the outside world. In fact, the pull factor is closely connected with the push factor which, in its turn is the consequence of rampant deforestation and rapid afforestation through monoculture plantation of exotic species. There is a definite change in the nature of demand for forest products from outside world and this change is connected with the technological development. Nowadays strong wooden poles are not that much demanded by the railways, mining and quarrying industries, construction sector and others; instead the demand for paper has gone up manifold.
This has resulted in stagnant demand for many traditional timber products like sal (Shorea robusta) which supply wood with discontinued fibers and there is vibrant claim for short and uniform fiber trees like eucalyptus, sonajhuri, etc (Nanko, et al., 2005) . This indicates a serious compromise with biodiversity and creating a push effect for the traditionally forest dependent people to culturally migrate to the outside world to satisfy their daily needs.
The local level practices are needed to be stitched with the national policies incorporating the effects of modern development agenda. Pandey (retrieved from http://www.infinityfoundation.com/mandala/t_es/t_es_pande_conserve.htm) has also indicated the necessity of embedding local and traditional knowledge into the doctrines of formal science to understand their implications for sustainable forest management. In the absence of such theorization, it is impossible to preserve the traditional wisdom in a generalized framework and enhance its applicability. 
